Background-Subjective cognitive impairment (SCI) in older persons without manifest symptomatology is a common condition with a largely unclear prognosis. We hypothesized that (1) examining outcome for a sufficient period by using conversion to mild cognitive impairment (MCI) or dementia would clarify SCI prognosis, and (2) with the aforementioned procedures, the prognosis of SCI subjects would differ significantly from that of demographically matched healthy subjects, free of SCI, termed no cognitive impairment (NCI) subjects.
Introduction
Subjective cognitive impairment (SCI) is a common condition in older persons. A review found three studies of prevalence in community-residing persons ≥ 65 years [1] [2] [3] [4] . SCI prevalence ranged from 25% to 56%. During the past three decades, approximately one third of persons coming to our outpatient brain aging and dementia, university hospital-based, clinical research center have presented with these subjective deficits in the absence of subtle or overtly manifest cognitive decline.
The prognosis of SCI is a personal concern for many older persons and a public health concern for the medical community. The prognostic import of these symptoms might also have scientific relevance in the evolution of cognitive impairment in aging.
SCI can occur in apparently healthy persons in the absence of objective evidence of cognitive impairment or psychopathology. Subjective cognitive complaints can also occur in association with mild cognitive impairment (MCI) [5] [6] [7] , dementia [5] , depression [8] [9] [10] , anxiety [11] , numerous medical illnesses, and various medications. Hence, there is a need for studies of the prognosis of persons with SCI who are otherwise healthy.
Results from present studies of SCI prognosis, which have generally used dementia as an outcome criterion, are varied. One recent study [12] queried subjects at baseline with the question, "Do you have memory complaints?" Subjects aged ≥55 years at baseline were followed up for a mean of 9 years. A three times greater risk of Alzheimer's disease (AD) was observed in the highly educated subject group without cognitive impairment at baseline who had memory complaints, in comparison with subjects who denied complaints. The increase in risk of AD associated with subjective memory complaints was much lower in the subject group with low education (specifically, limited to primary education). In these less educated persons, the presence of subjective complaints of memory problems was associated with 1.5 times greater risk of subsequent AD than in persons who did not report complaints. However, a limitation of this study is that there was no baseline assessment of the presence of depression or of affective symptomatology. This is a potentially serious limitation because as noted earlier, depression is associated with subjective complaints of memory and cognitive impairment and an increased risk of subsequent AD.
Another study queried cognitively normal, community-residing persons aged ≥65 years with the question whether they had "memory loss in the past year" [13] . A "yes" or "no" answer was required. Subjects who responded affirmatively were more than twice as likely to develop dementia during the subsequent 5 years. The association between subjective memory loss (SML) and dementia was maintained after adjusting for depressive symptoms. However, the association with subsequent dementia was not significant after adjustment for a baseline cognitive score. The authors noted that only 15% of those seniors who stated they had memory loss during the past year developed dementia during the subsequent 5 years, and they concluded that "as a clinical predictor, the presence of SML [subjective memory loss] is very insensitive and non-specific" and that SML alone "is unlikely to be a useful predictor of dementia."
A third study examined community residents aged ≥65 years during a 3-year period [14] . Subjects were asked, "Do you have trouble with your memory?" The subjects who complained of memory trouble scored significantly lower on the cognitive screening measure and higher on the depression assessment. However, subjective memory trouble "did not predict faster cognitive decline or dementia over 3 years."
The variability observed in current studies of SCI might be due in part to the need for an adequate follow-up interval and partly because of the absence of an MCI outcome criterion in current published systematic outcome studies. In accord with a long-standing published estimate, initially forwarded in 1986, that the MCI stage that eventuates in AD lasts a mean of approximately 7 years and that the preceding SCI stage that eventuates in AD lasts a mean of approximately 15 years [15] , we herein investigate the hypothesis that (1) a clearer view of the import of SCI might emerge from a study that examines prognosis with MCI as an outcome criterion, in addition to dementia, during an adequate follow-up interval and in otherwise healthy subjects, and (2) the prognosis of SCI subjects will be worse than that of demographically matched, similarly healthy subjects who are free of SCI, termed no cognitive impairment (NCI) subjects.
MCI is a condition in which subtle objective cognitive impairment is present that is not of sufficient magnitude for a diagnosis of dementia [6, 7, 16] . In otherwise healthy older populations, MCI is a frequent precursor of dementia. However, progression to dementia in MCI subjects occurs over many years. A review of 19 longitudinal studies comprising clinic attendees or community-residing volunteers found an overall conversion rate in MCI subjects to dementia of 10% per year [17] . In research populations including our own study population [18] , approximately a 16% to 18% annual conversion rate of MCI to AD has been observed [18, 19] . Hence, MCI, a condition lasting many years before the advent of the dementia of AD, is likely to yield a much higher conversion rate for SCI prognostic studies than studies that use progression to dementia exclusively. Therefore, we conducted a study of SCI prognosis in otherwise healthy older persons by using decline to MCI, as well as dementia, as a primary outcome criterion.
Methods

Subjects and study background
Subjects were community-dwelling persons, >40 years of age, recruited by referral or public announcement to participate in a longitudinal study on cognitive aging. The title of the primary project grant that supported the present study, funded by the U.S. National Institute on Aging (NIA) (AG03051) of the U.S. National Institutes of Health from 1982 until 2003 was "Aging and Dementia: Longitudinal Course of Subgroups." An explicit hypothesis of this grant from inception was that the prognosis of subjects with SCI would differ from that of other identified subgroups (stages of aging and dementia). After being enrolled in this longitudinal grant, subjects continued to be followed up at specified intervals until demise. Adequate and optimally long follow-up intervals would provide a useful and important view of the nature and origins of the successive stages of brain aging, and AD is explicit in the hypotheses that resulted in the funding of this grant in 1982 and the renewal of funding in 1987, 1992, and 1997.
For the selection of the study population, medical, neurologic, psychiatric, neuropsychological, neuroradiologic, and clinical laboratory evaluations were conducted to exclude subjects with conditions that might interfere with or confound cognitive functioning apart from SCI [20, 21] .
Criteria for exclusion in the selection of the study population included the following: (1) presence of MCI [7, 16] or dementia; (2) history of significant head trauma, seizures, mental retardation, or neurologic disorder; (3) any focal signs of significant brain pathology from the medical or neurologic evaluations; (4) diagnosis of cerebrovascular disease on the basis of either a history of clinically significant cerebral infarction or a modified Hachinski Ischemic Score ≥4 [20] or evidence of infarction from the brain neuroimaging evaluation (generally magnetic resonance imaging scans or, in a small minority of cases, computed tomography scans); (5) significant history of drug or alcohol abuse; (6) history of schizophrenia or major affective disorder, including any subjects with Hamilton Depression Scale (Ham-D) [21] scores of ≥16; (7) cardiac, pulmonary, vascular, metabolic, or hematologic conditions of sufficient severity to adversely affect cognition or functioning; (8) other physical impairment of sufficient severity to adversely affect cognition or functioning; (9) significant abnormality in laboratory evaluations that included comprehensive metabolic values, complete blood counts, urinalysis, serum B 12 and folate, thyroid function tests (specifically triiodothyronine [T3], thyroxine [T4], and thyroid-stimulating hormone levels), and screening for syphilis; and (10) active usage of any medications that might significantly affect cognitive functioning.
The New York University Institutional Review Board approved all aspects of this study, and written informed consent was obtained from all subjects.
Study design
2.2.1. Staging for magnitude of cognitive functioning-Subjects were assessed for presence or absence of SCI and/or objective cognitive impairment at baseline by using the Global Deterioration Scale (GDS) for age-associated cognitive decline and dementia [22] . Validity and reliability of this widely used staging procedure have been reviewed [23, 24] . GDS stage 1 subjects are normatively functioning and free of subjective complaints or objective evidence of cognitive impairment (NCI), whereas GDS stage 2 subjects are normatively functioning and have subjective complaints in the absence of objectively manifest deficits (SCI). NCI or SCI subjects were potential study participants. The precise criteria used for differentiating these stages for this investigation were as follows (from Reisberg et al [22] ): GDS stage 1: "No subjective complaints of memory deficit. No memory deficits evident on clinical interview" [22] .
The clinical interview referred to in this study included the Brief Cognitive Rating Scale (BCRS), which specifically assesses the presence of subjective impairments in various areas including concentration and calculation, recent memory, remote memory, orientation, and functioning abilities [25] . Importantly, the BCRS also assesses the presence of objective deficits in each of these domains. GDS stage 2: "Subjective complaints of memory deficit, most frequently in the following areas: (a) forgetting where one has placed familiar objects; (b) forgetting names one formerly knew well. No objective evidence of memory deficit on clinical interview. No objective deficit in employment or social situations. Appropriate concern with respect to symptomatology" [22] .
Once again the clinical interview referred to in assessing the GDS in this study includes the BCRS, which assesses the presence of both subjective and objective deficits in considerable detail.
Subjects at GDS stage 3 have mildly manifest deficits, consistent with a diagnosis of MCI [7, 16] . The precise criteria for assessing GDS stage 3 are described in the following paragraphs. It should be noted in this regard that the GDS stage is the most appropriate stage for a subject on the basis of the descriptors. GDS stage 3: "Earliest clear-cut deficits. Manifestations in more than one of the following areas: (a) the subject may have gotten lost when travelling to an unfamiliar location; (b) coworkers become aware of the subject's relatively poor performance; (c) word and name finding deficit may become evident to intimates; (d) the subject may read a passage or book and retain relatively little material; (e) the subject may demonstrate decreased facility remembering names upon introduction to new people; (f) the subject may have lost or misplaced an object of value; (g) concentration deficit may be evident on clinical testing. Objective evidence of memory deficit is obtained only with an intensive interview. Decreased performance in demanding employment and social settings. Denial begins to become manifest in the subject. Mild to moderate anxiety frequently accompanies the symptoms" [22] .
As with the other GDS stages, the intensive interview in this as well as in our other studies includes the BCRS, which assesses subjects in considerable detail on the parameters described earlier, as well as on related symptomatology. 31, 1997) , there was prescreening as well as continued screening eligibility assessment until subject entry at baseline. Specifically, initial subject contact with the research center was typically by telephone, where the subject would speak with a center coordinator who would make an initial assessment of the suitability of the subject for our longitudinal research study (prescreening). Subjects with, for example, major depression requiring treatment or uncontrolled acute medical illness would be referred elsewhere for appropriate treatment. Also, subjects with obvious exclusionary conditions, such as a history of stroke, psychiatric hospitalization for schizophreniform illness or major depression, or seizure disorder, would be informed of their ineligibility for our general longitudinally studied, research population. If the coordinator assessed the subject as potentially eligible for this research study population, then the subject would be sent a questionnaire regarding their medical history and medications taken. From the information provided in the questionnaire, eligibility for the general research population would be further assessed. Subjects who appeared to be eligible, ie, who appeared to fulfill the inclusion and exclusion criteria, would be scheduled for the evaluations. These evaluations included medical, neurologic, psychiatric, neuropsychological, and clinical laboratory evaluations. If evident exclusionary factors or other conditions requiring treatment were uncovered during these evaluations, these subjects might be appropriately referred for treatment elsewhere and excluded from the general research, longitudinally studied population during the course of these evaluations. Subjects who successfully completed all of the evaluation procedures were entered into the research database. These subjects were further evaluated for eligibility for the general, longitudinally studied research population in rounds attended by the study physicians and other study personnel. Eligible subjects were then recommended for entry into the longitudinally studied research population. The principal investigator (B. R.) made final decisions, when necessary, regarding eligibility of the subjects for entry into the general, grant supported, longitudinally studied research population. Once entered, every effort was made to maintain and follow up study subjects at the specified intervals. Followups were conducted and data were collected as completely as was possible, irrespective of the medical or other conditions that occurred in the subject until and including demise, at which point efforts were made for neuropathologic evaluations from brain donations.
Although subjects with cognitive complaints contacted the research center for participation quite frequently, persons without complaints were considerably more difficult to recruit for the study population. Therefore, efforts were made to reach out to spouses of the general aging and dementia research population and other volunteers to recruit subjects who were free of complaints or evidence of cognitive impairment who were eligible for this longitudinally studied, grant-supported research population.
A total of 340 subjects with NCI or SCI completed the initial, pre-rounds screening and were entered into the database during the period from January 1, 1984 until December 31, 1997. This resulted in 260 (60 NCI and 200 SCI) cognitively normal, apparently healthy subjects who fulfilled the inclusion and exclusion criteria and who were therefore entered into the baseline study population and scheduled for follow-ups. Subjects were followed up at approximately 2-year intervals from January 1, 1984 until December 31, 2001 with more comprehensive evaluations (eg, by using an additional brain magnetic resonance imaging or computed tomography scan evaluation), repeated every fourth year. All follow-up evaluations were performed without reference to prior evaluation results. Once entered, subjects were followed up for as long a period as possible until demise, although the results were censored at the cutoff date of December 31, 2001 for the purposes of this particular reported study.
2.2.3.
Follow-up and outcome groups-The primary outcome variable was defined dichotomously as cognitive stability or decline. Outcome was stable if, at the time of the final follow-up evaluation, the subject had been observed to have remained NCI or SCI at every follow-up period. Subjects were categorized as having declined if a diagnosis of MCI or dementia was noted at a periodic follow-up observation. The first follow-up period with decline was used for the analyses. Time to decline was (1) time to progression to MCI or dementia or, if no progression, (2) time to the last follow-up before 2002.
Cognitive-behavioral and neuropsychological assessments
1. Mental status assessment. Mini-Mental State Examination (MMSE) scores were obtained [27] .
2.
Clinical cognitive and cognitively based functioning examination was also performed by using the Brief Cognitive Rating Scale (BCRS) [25] . Axis 1 to 5 scores, reported herein, respectively examine the following: (1) concentration and calculation; (2) recent memory; (3) remote memory; (4) orientation; and (5) daily functioning, including executive tasks. Each BCRS axis is, per design, enumerated on a 7-point scale that is optimally concordant with the other BCRS axes and with the GDS stages in brain aging, MCI, and AD. This optimally concordant weighting of BCRS axes 1 to 5 has been previously investigated in a series of studies that have verified these properties [23] . For example, the BCRS clinical interview scores the presence of subjective complaints on each respective axis as a "2" and the absence of subjective complaints as a "1." Therefore, by design and definition, the BCRS axes distinguish NCI from SCI subjects on the respective parameters measured. Specifically, to cite some examples, in BCRS axis 2, Recent Memory, a score of 1 indicates "no objective or subjective evidence of deficit in recent memory," and a score of 2 indicates "subjective impairment only (e.g., forgetting names more than formerly)." For BCRS axis 5, Functioning, a score of 1 indicates "no difficulty, either subjectively or objectively," and a score of 2 indicates "complaints of forgetting location of objects; subjective work difficulties." A study that included 75 subjects at GDS stage 2 found that the mean score on the BCRS Recent Memory axis was also 2, and that the mean score on the BCRS Functioning axis was also 2. Hence, these measures are optimally weighted for assessment of subjective memory at the GDS stage 2 level. The same relationships between these BCRS axes and the GDS stages are found to proceed with the evolution of impairment in cross-sectional studies of MCI subjects and of subjects in the mild, moderate, moderately severe, and severe stages of probable AD. These studies were conducted in subjects "free of [other] medical, psychiatric, neurologic, or neuroradiologic conditions that might interfere with cognition" [23] .
To cite another example, in BCRS axis 2, Recent Memory, a score of 3 indicates "deficit in recall of specific events evident upon detailed questioning, no deficit in the recall of major recent events." For BCRS axis 5, Functioning, a score of 3 indicates "decreased job functioning evident to co-workers; difficulty in travelling to new locations." In the study cited earlier that included 48 subjects at GDS stage 3 corresponding to MCI, the mean score on the BCRS Recent Memory axis was also 3, as was the mean score on the Functioning axis. Hence, per design, the BCRS axes are optimally concordant with the cross-sectionally assessed progression of brain aging and dementia pathology in MCI and probable AD. As would be expected for a measure constructed with the properties of the BCRS axes, the axes are also strongly intercorrelated with the progression of brain aging, MCI, and probable AD pathology. In a study of 50 subjects with a severity range from GDS stage 1 (NCI) to GDS stage 6 (moderately severe AD), Pearson intercorrelations of BCRS axes 1 to 5 ranged from 0.83 to 0.94 (all P ≤ .001) [25] .
Pearson correlations of each of the 5 BCRS axes and the GDS scores were 0.9 (all P ≤ .001) [25] .
3.
Affective status was assessed with the Hamilton Depression Scale (HAM-D) [21] .
Comprehensive behavioral changes were assessed by using the Behavioral Pathology in Alzheimer's Disease (BEHAVE-AD) rating scale [28] (introduced in 1987). The BEHAVE-AD assesses 25 behavioral symptoms that occur in AD patients, each of which is rated in accordance with severity on a 4-point rating scale from not present (zero) to severe (3 points). Each severity rating is anchored to specific symptomatic descriptors. The symptoms are grouped into seven categories of behavioral disturbance: (A) paranoid and delusional ideation; (B) hallucinations; (C) activity disturbances; (D) aggressiveness; (E) diurnal rhythm disturbances; (F) affective disturbances; and (G) anxieties and phobias. The maximum possible disturbance score is 75.
4.
Neuropsychometric evaluation. Memory: Assessed by using three subtests of the Guild Memory Scale [29] , specifically (1) paragraph recall, initial and delayed; (2) paired associate recall of pairs of familiar words, initial and delayed; and (3) design recall of abstract shapes. Working memory: Evaluated with digit span subtests of the Wechsler Intelligence Scale Revised (WAIS-R), forward and backward [30] . Perceptual motor skill: Assessed with the WAIS-R digit symbol substitution subtest (DSST). Language function: Assessed with the WAIS-R vocabulary subtest.
5.
Combined psychometric score: The Psychometric Deterioration Score (PDS) is derived from an equal weighting of the nine tests included in the test battery above [31] . The PDS is designed so that a higher score indicates greater impairment.
Statistical analyses
Comparison between NCI and SCI subject groups for decline:
Differences in outcome between NCI and SCI groups were assessed with the Fisher exact test to compare proportions of subjects who declined. The Savage two-sample test for event time [32, 33] was used to compare the mean decline time.
Prediction of degree of decline using survival analysis:
Likelihood test indicated that the event time distribution is consistent with the Weibull distribution. Weibull proportional hazards model was used to determine the hazard rate of progressing by baseline group, NCI or SCI, controlling for demographic variables (specifically age, gender, and years of education) and follow-up time.
The following model was fitted to the data set: Λ(T) = Λ 0 (T) exp(α 1 *Group + α 2 * Age + α 3 *Gender + α 4 *Education + α 5 *Follow-up), where Λ(T) is the hazard function of progressing and Λ 0 (T) is the baseline hazard function. Furthermore, the additional contribution of other variables to decline hazard rate was examined.
Prediction of time of decline using the accelerated failure time model:
Survival functions of the baseline groups, NCI and SCI, were compared by using the Kaplan-Meier method. A survival event was defined as an event in a subject who did not decline to MCI or dementia.
The accelerated failure time model was used to determine the time to decline by baseline group, controlling for demographic variables and follow-up time. The following accelerated failure time model was fitted to the data set: logT = β 0 + β 1 *Group + β 2 * Age + β 3 *Gender + β 4 *Education + β 5 *FollowUp + σε, where T is the event time (time to decline for decliners and time to follow-up for non-decliners who are thus censored) following the Weibull distribution, and ε is a random error.
The additional contribution of other variables to the decline time was also examined.
Results
The database consisted of 340 subjects aged ≥40 years with normative cognitive functioning (NCI or SCI) seen during the enrollment period. A total of 80 subjects were excluded because of comorbidities considered to be of possible relevance for cognitive functioning. A post hoc analysis did not reveal significant differences between the excluded subjects (n = 80) and the eligible subjects (n = 260) in terms of diagnostic grouping (NCI versus SCI), age, gender, education level, or MMSE scores.
Of 260 subjects comprising the study population at baseline, follow-up was completed in 213 subjects (81.9%; 47 NCI and 166 SCI) ( Table 1) . Subject groups followed and not followed did not differ in baseline categorization (NCI versus SCI), age, or MMSE scores. There were differences in gender (more men lost to follow-up, marginally significant, P = . 05) and education (mean, 15.7 and 14.7 years for subjects followed up and not followed up, respectively; P = .02).
Baseline characteristics of subjects followed up
There were significant baseline differences between NCI and SCI groups in age (mean, 64.1 and 67.5 years, respectively; P = .02) and MMSE scores (mean, 29.6 and 29.0, respectively; P < .001) for subjects who were followed up ( Table 2 ). There were no significant differences in gender or education. The NCI from SCI subjects are distinguished as anticipated from the design of the BCRS axes, although it is worthy of note that the magnitude of subjective complaints of orientation deficits in SCI subjects is relatively low. Several behavioral variables showed significantly, or for two variables marginally significantly, higher (worse) scores in SCI subjects in comparison with the NCI subjects at baseline (Table 2 ). These included the total score on the HAM-D (marginally significant, P = .05) and individual scores for HAM-D item 5 (disturbed sleep) and HAM-D item 7 (feelings of incapacity, fatigue or weakness, or loss of interest in activities). The only BEHAVE-AD item that showed a significant difference (P = .009) in the SCI subjects in comparison with the NCI subject group at baseline was item 23 (anxieties), with SCI subjects having higher scores.
Psychometric performance was lower on all tasks in the SCI group at baseline; however, only the DSST difference was marginally significant (P = .05).
Follow-up findings
Follow-up time from baseline to the final evaluation did not differ significantly between NCI (6.7 ± 3.1 years) and SCI subjects (6.8 ± 3.4 years) ( Table 3) . Both groups had a mean of 3 follow-up visits (2.9 ± 1.6 for the total subject population followed up) after baseline. Decline was observed in 97 of the 213 subjects followed up (45.5%). More SCI subjects (90 of 166, 54.2%) declined as compared with NCI subjects (7 of 47, 14.9%) (P < .0001, Fisher exact test). Mean time to observation of decline for NCI subjects (8.8 years) was longer than for SCI subjects (5.3 years) (Savage two-sample test for event time, P = .0003).
Of the seven NCI subjects who declined, five progressed to MCI at follow-up (71.4%), and two progressed to probable AD [34] (in one case, mild AD [GDS stage 4] and in the other case, moderately severe AD [GDS stage 6]). There were no significant medical comorbidities in any of these NCI subjects who progressed to MCI or AD.
Of the 90 SCI subjects who declined, 71 progressed to MCI (78.9%) and 19 to dementia. Of the 71 SCI subjects at baseline who progressed to MCI, there were no significant medical comorbidities in 65 of the subjects (91.5%). Of the remaining six subjects, one had developed hyperthyroidism, one developed notable depression symptomatology, another developed depression that was successfully treated with sertraline (25 mg daily), another had suffered a head injury that had resulted in loss of consciousness, one had coexisting notable vitamin B 12 deficiency, and the sixth subject had a 1-cm aneurysm in the circle of Willis that was found on a magnetic resonance imaging scan of the head. Of the 19 SCI subjects at baseline who progressed to dementia, 12 progressed to mild dementia (GDS stage 4), four to moderate dementia (GDS stage 5), and three to moderately severe dementia (GDS stage 6). Of these 19 baseline SCI subjects who progressed to dementia, 12 progressed to probable AD (63.2%) that was mild in six (GDS stage 4), moderate in four (GDS stage 5), and moderately severe in two cases (GDS stage 6). Of the remaining seven SCI subjects who progressed to dementia diagnoses other than probable AD, dementia was associated with a cerebrovascular dementia diagnosis (mild, GDS stage 4) in two cases, with depression in one (mild, GDS stage 4), with hydrocephalus (mild, GDS stage 4) in one, with thyroid disease (mild, GDS stage 4) in one case, with endocrine disease more generally in one case, which included both adult-onset (type 2) diabetes mellitus and a partial thyroidectomy (mild, GDS stage 4). One subject had possible AD at follow-up. This subject with moderately severe dementia (GDS stage 6 at follow-up) had suffered head trauma, resulting in a skull fracture at the time of the final follow-up evaluation.
In survival analysis with the Weibull proportional hazards model that controlled for baseline demographic variables and follow-up time and examined the hazard rates of progressing, it was found that the hazard ratio of SCI subjects to NCI subjects was 4.5 (95% confidence limits, 1.9 to 10.3).
Survival analysis with the Kaplan-Meier method indicated a significant difference between baseline NCI and SCI groups in the absence over time of decline to MCI or dementia (P < . 0001 for both the Wilcoxon test and the Log-Rank test) (Fig. 1) .
Survival analysis was also performed with an accelerated failure time model that controlled for demographic variables and follow-up time and examined the time to decline on the basis of baseline group. SCI subjects took on average a 60% shorter time to decline than NCI subjects (estimated ratio of the expected decline time, 0.60; 95% confidence limits, 0.45 to 0.80).
Accelerated failure time model analyses, with an underlying Weibull survival function, which controlled for the effect of baseline group as well as baseline demographic variables and follow-up time, found significant additional effects on the time to decline were contributed by virtually the same baseline variables contributing significantly to the hazards of decline (Table 4) . Such resemblance is anticipated because of the equivalence between the Weibull proportional hazards model and the accelerated failure time model analyses with an underlying Weibull survival function [35] . The slight discrepancies between some P values are due to numeric methods and the fact that these model parameters are in general non-linear functions of each other. These variables contributing to time to decline are (1) the MMSE score (marginally significant, P = .05); (2) total score on the BCRS (P = .006); (3) BCRS Axis 1 (concentration and calculation; P = .004); (4) BCRS Axis 5 (functioning and self-care; P = .03); (5) two individual HAM-D items, item 8 (slowness of thought and speech and/or impaired concentration and/or decreased motor activity; P = .03) and item 11 (somatic anxiety; P = .007); (6) the composite psychometric variable, the PDS (P < .0001); and (7) seven of the nine individual psychometric variables.
Variables associated with decline within the diagnostic categories
Few NCI subjects (n = 7) manifested decline at follow-up. Nevertheless, it is instructive to examine the variables associated with decline in the NCI and SCI subject groups separately (Table 5 ). For both diagnostic categorizations, age was significantly associated with decline (P < .01). Fewer years of education were associated with decline in the SCI subjects (P < . 01). The only neuropsychometric measure associated with decline in the NCI subjects was the DSST (P = .02). In contrast, poorer performance in baseline MMSE scores, BCRS total scores, BCRS Axis 1 and 5 scores, PDS scores, and six of nine psychometric test scores in the SCI subjects were associated strongly (P < .01) with subsequent decline. One mood variable, HAM-D item 12, gastrointestinal symptoms (eg, appetite loss), was associated with subsequent decline in the NCI subjects (P = .02). Also, one mood symptom, HAM-D item 10, psychological anxiety, was associated with subsequent decline in the SCI subjects (P = . 02).
Discussion
These results indicate that otherwise healthy community-residing older persons presenting to an outpatient cognitive-dementia research center with SCI are much more likely to manifest subsequent decline than similarly aged persons presenting without these complaints. With a mean 7-year observation window, we found that SCI subjects had 4.5 times the risk of progressing to an MCI or dementia diagnosis than persons free of these symptoms, after controlling for age and other relevant factors. It was also observed that a majority, 54% in this sample, of persons with SCI manifested decline to MCI or dementia during the 7-year mean observation window. This decline in the SCI subjects was in marked contrast to a 15% occurrence of decline in NCI subjects, who were also 3.4 years younger at baseline but took an average 3.5 years longer to decline when decline occurred.
Persons with SCI come to clinicians with the belief that they have a problem. They fear the development of AD. Does SCI inexorably progress to MCI and ultimately AD, or is it inherently less stable, varying with as yet undetermined factors (microvascular disease and/ or mood, for example)? Data from the present study and other studies such as those that have been referenced herein are becoming available that address these important questions.
Persons presenting with SCI symptoms had a mean MMSE score of 29.0, an eminently normal score. Nevertheless, this was significantly lower than the NCI cohort, with a mean MMSE of 29.6. We hypothesize that this difference is not only significant but also "real" in that the SCI persons are experiencing cognitive losses that, while evident in aggregate, are well within the normal range for individuals. This normal cognition functioning in SCI persons is exemplified by the normal MMSE scores.
Support for this hypothesis from the perspective of a dementia outcome comes from the study of St John and Montgomery [13] . This study found an association between subjective memory loss (SML) and subsequent dementia. However, after adjustment for the baseline cognitive status score, the association between SML and subsequent dementia was not significant. The authors of this study concluded that "the most likely explanation of these findings is that those with SML [subjective memory loss] are experiencing early pre-clinical cognitive loss, which is also apparent as a lower score." These authors continue with the statement that "in essence, those with early pre-clinical cognitive loss are accurately reporting these early changes, which only becomes overt dementia at a later time" [13] .
Observations of future decliners within the SCI subject group from the present study are also consistent with the hypothesis that lower cognitive test scores, even if these scores are within the normal range, are predictive of future decline. Future SCI decliners within the SCI subject group were found to have significantly lower scores than stable SCI subjects at baseline, a mean of 5 years before the observation of decline, on the MMSE and on six of the nine psychometric measures studied, as well as on the composite psychometric score. Consonant with these data is our finding that SCI persons with specific complaints or evidence of concentration and calculation deficit and functional deficit (BCRS Axes 1 and 5) are significantly more likely to manifest subsequent decline (Table 5 ).
Neuropathologic data have been collected from a series of 2,369 staged brains from nonselected autopsy cases. The subjects were aged 25 to 95 years, and the series included both nondemented and demented cases. The data from this study indicate that a majority of cases coming for autopsy aged between 60 and 65 years manifest Alzheimer's type neurofibrillary changes, and 20% or more show these changes in the fourth decade of life [36] . The origins of eventually clinically manifest AD might be at very early periods of human development [37] .
Hence, current observations and theories of AD origins fit well with the hypothesis that AD might become manifest many years before overt symptoms of dementia or even MCI are observed. In addition, studies in the present research population have indicated physiologic changes in SCI versus age-matched NCI subjects in terms of increased urinary cortisol levels and decreased brain metabolism [38, 39] . The latter changes seem to be on a continuum with those of AD.
Most decliners in the present study declined to an MCI diagnosis. A previous study of MCI subject outcomes in our population of subjects fulfilling the rigorous inclusion and exclusion criteria described herein indicated that during a 4-year period, two thirds of MCI cases declined to a dementia diagnosis [18] . In >75% of these baseline MCI subjects, decline occurred to probable AD [18, 34] . In terms of other or associated conditions in this prior study, of 74 subjects who declined to MCI, 18 subjects (24.3%) declined to dementia mixed with notable other conditions, specifically significant affective symptomatology (n = 2), dementia with evidence of stroke (n = 7), hydrocephalus (n = 1), thyroid dysfunction (n = 2), B 12 or folate deficiency (n = 1), or other or undetermined types of dementia at follow-up (n = 5) [18] . Even in these 18 subjects who developed dementia associated with additional conditions, it is likely that AD remained the major pathogenic event in most subjects. Therefore, there is evidence that decline to MCI in the present study might be associated with decline to the eventual dementia of AD.
As noted in a recent consensus statement, "the term mild cognitive impairment was first used in association with stage 3 of the GDS" [7] . The original GDS publication in 1982 referred to GDS stage 3 as a stage of "mild cognitive decline" [22] . Subsequently, in 1988 in association with the publication of cross-sectional data showing significant decrements in numerous psychometric tests, as well as the MMSE, and other standard "dementia" tests, in GDS stage 3 subjects, in comparison with GDS stage 2 subjects, we first referred to GDS stage 3 as mild cognitive impairment (MCI) [31] . In association with our first publication of longitudinal data demonstrating decline to dementia in significant proportions of MCI subjects when followed up over years, we reinforced the terminology "mild cognitive impairment" and its associated implications for the medical and scientific community in the title and content of our 1991 publication [16] . In publications from 1989 until the present, MCI has been extensively characterized using the GDS stage 3 definition [40] . For example, between 1989 and 1999, the nature of behavioral disturbances, neurologic reflex and release sign changes, motor changes, equilibrium and coordination changes, changes in hippocampal atrophy, and electrophysiologic characteristics of MCI subjects in comparison with ostensibly cognitively normal (GDS stage 1 or 2) and/or mild dementia (GDS stage 4) subjects were all extensively described in the published literature (see reference [40] for citations).
In 1999, the nascent publications on MCI of Petersen et al [41] appeared, and in 2001, Petersen et al [6] proposed new criteria for the definition of MCI. These new criteria were the following: (1) memory complaint, preferably corroborated by an informant; (2) objective memory impairment; (3) normal general cognitive function; (4) intact activities of daily living; and (5) (2001) does require "memory complaint." As discussed in a recent consensus publication, "Many individuals with mild cognitive impairment deny they have the disorder and do not report symptoms, although they nevertheless show signs of cognitive impairment consistent with the disorder that are evident to clinicians and informants. The GDS 3 definition of mild cognitive impairment -unlike the preceding GDS 2 stage of subjective cognitive impairment -does not require memory complaints; only signs of the disorder are required for GDS stage 3 assignment" [7] .
Our research, published a quarter century ago in 1985, indicates the problems with the subjective complaint criterion for MCI [5] . Subjective cognitive impairment is the necessary pathognomonic criterion for GDS 2 (SCI). When we query subjects and ask them "what kind of problems do you have with memory?," subjects in GDS stage 2, on average, complain of a mild to moderate level of memory problems [5] . In MCI (GDS stage 3), in aggregate, subjects complain of a moderately severe level of memory problems, although some subjects deny these problems. Subsequently, in mild dementia (GDS stage 4) subject complaints with respect to the severity of their memory problems decreases slightly, and subsequently with the progression of the severity of dementia, the magnitude of subjectreported complaints continues to decrease, returning to the GDS stage 2 level in moderately severe (GDS stage 6) dementia patients. We have concluded from these and related observations that subjective complaints are probably not a desirable criterion for MCI, where manifest, albeit subtle, clinical symptomatology occurs. [6] by moving much closer to the GDS stage 3 definition in all areas of disparity [42] . Specifically, the IWG criteria do not require self-report of decline for MCI, and hence they circumvent the issue of denial. Rather, the IWG criteria suggest that MCI subjects have "self and/or informant report and impairment on objective cognitive tasks; and/or evidence of decline over time on objective cognitive tasks." Also, the IWG criteria recommend a clinical rather than a psychometric definition of MCI, analogous to the GDS/ BCRS interview approach. Also, the IWG criteria suggest the following functional definition of MCI, "preserved basic activities of daily living/minimal impairment in complex instrumental functions," which appears to be quite concordant with the executive level functional deficits emphasized in the GDS definition of MCI. Finally, like the GDS definition of MCI and in contrast with the 2001 Petersen et al criterion for MCI, the IWG report notes that "A wide range of cognitive functions appear to decline in persons who will be later diagnosed with AD...including memory, attention, language, visuospatial skill, perceptual speed and executive functioning." This latter statement is consonant with the GDS 3 MCI definition, the BCRS interview used in association with this definition, and our prior research findings [23] .
The requirement of subjective complaints for a diagnosis of SCI as embodied in the GDS stage 2 definition, and the absence of a requirement of subjective complaints for the definition of MCI as embodied in the GDS stage 3 definition of MCI, are of great importance and merit further discussion. Our research has shown that subjective complaints frequently increase in magnitude in subjects from GDS stage 2 (SCI) to GDS stage 3 (MCI) [5] . However, these subjective complaints do not increase from GDS stage 3 (MCI) to GDS stage 4 (mild AD), and the magnitude of subjective complaints actually decreases as the dementia of AD progresses. These observations explicate current research findings that subjective cognitive complaints in MCI subjects have no value in the prediction of subsequent impairment [43] . Clearly, these MCI results with respect to subjective complaints are in marked contrast to the SCI, GDS stage 2, results being reported in this article and predicted by our prior work and usage [5] .
Future investigations should address generalizability of the present findings and other questions raised by this study. For example, this was a relatively well-educated subject population, typical of medical center cognitive research centers but not typical of the general population. Also, this study sample was selected for the absence of significant comorbidity of relevance for cognition. While recognizing these distinctive features of the subjects in the present investigation, it is also worth noting that subjective cognitive impairment associated with aging is presently being demonstrated to occur in substantial proportions of very diverse human populations. For example, in a rural, Chinese-speaking islet near mainland China, nearly half of residents aged ≥65 years in two surveyed townships were found to state that they had "trouble with [their] memory" [14] . In marked contrast to the present study population, the majority of these Chinese residents were illiterate. In another study conducted in remote river communities in the Amazon rainforest, 70% of residents surveyed aged ≥50 years (mean age, 62.3 years; 67% illiterate) were found to have subjective cognitive impairment [44] .
Hence, complaints of cognitive impairment associated with aging do not appear to occur characteristically, exclusively, or even predominantly in more educated or industrial or "modern" societies or settings. Indeed, the highest prevalence of SCI yet to be reported appears to come from the study of Brucki and Nitrini [44] conducted in the remote, predominantly illiterate Amazon rainforest population. Perhaps these observations with respect to SCI are best understood in the context of the well-known education effect in dementia studies, an effect that indicates an increased risk for dementia in general and AD more particularly, in less educated persons [45] [46] [47] . This education effect has also been observed in longitudinal studies of the likelihood of subsequent decline to dementia in our own population. For example, in a 4-year prospective longitudinal study of decline to dementia in general or decline to AD, more particularly, conducted in baseline NCI, SCI, and MCI subjects (GDS stages 1, 2, or 3) from the present NIA grant-supported general research population, subjects who declined to dementia more generally, or AD more specifically, had mean lower education levels of 2.0 years and 2.2 years, respectively, than persons who did not decline (P < .001) [18] . In the present investigation, this education effect was also observed in the SCI subject group. Subjects with SCI who subsequently declined had significantly lower mean educational levels, a mean of >1 year less education, than stable subjects (Table 5 ).
We conclude that in parallel with continuing investigations clarifying the nature and prognosis of SCI, the present findings raise the exciting possibility of conducting preventative studies of MCI and eventual AD at a much earlier point than previously, approximately one to two decades before the appearance of overt dementia. It is possible that some medications might be most efficacious in the SCI stage of the evolution of the illness process.
For example, of the four currently approved and used AD medications in the United States, two medications, rivastigmine and galantamine, have been approved only for mild to moderate dementia in AD, and one medication, memantine, has been approved only for moderate to severe dementia in AD. The remaining medication, donepezil, is the only medication that has been demonstrated to be efficacious across the spectrum of AD dementia from mild to severe [48] . As we learn more about the origins of AD, it is possible that agents that reduce environmental exposure to toxins [49] , antioxidants, beta or gamma secretase inhibitors, or other treatment approaches might prove to be most useful in slowing the progression of AD in the SCI stage. Information is accruing that will facilitate such studies. As Khachaturian et.al [50] have recently noted in their consensus report entitled "A roadmap for the prevention of dementia," "additional targets that need to be explored particularly for the prodromal stages of AD, include … disrupted synaptic function … Other targets that should be explored for the relevance to AD … include those related to cerebrovascular disease, plasticity, and neurogenesis. Investigations of these and other targets could lead to more clarity in the question of how and when intervention should or could begin". The value of forestalling the onset of eventual AD by any increment of time would be of incalculable benefit both in diminishing financial burden of societies throughout the world and, much more importantly, in relieving the human suffering that accompanies this prevalent condition of later life.
Glossary
5.1. The general grant-supported, research population; alternatively referred to as the "general research population" or the "general research, longitudinally studied population"
This comprised all subjects entered into the longitudinal follow-up study , or temporal range of entry into the study (the first subjects entered into the study had baseline evaluations in February 1978).
The study population
These are subjects fulfilling the selection criteria for the study reported in this publication. These selection criteria included (1) (4) fulfillment of all of the specific inclusion criteria and exclusion criteria, enumerated in the methods section (2.1) of the publication. It should be noted that many of the exclusion criteria also apply to the general research population.
Excluded subjects
Subjects screened for eligibility within the enrollment period (from January 1, 1984 until December 31, 1997), aged 40 or above, with normative cognitive functioning (NCI, GDS stage 1 or SCI, GDS stage 2), who were entered into the research database but found to be ineligible for the longitudinal grant and the present study because of the presence of medical conditions that might interfere with cognition or progress or recur as to interfere with cognition, apart from age and SCI.
Subjects not followed
These were subjects enrolled in the study population and who were part of the baseline study population, having fulfilled all eligibility criteria for the study, who had agreed and consented to longitudinal study follow-up, but who could not be followed. Reasons for loss to follow-up included the following: (1) refusal to return for follow-up; (2) the subject could not be located; (3) the subject died before they could be followed; (4) the subject was dropped from the study for non-compliance, the development of blindness, or other reasons; or (5) the subject had moved out of the follow-up area.
Subjects followed up
These are subjects in the study population who were successfully followed on at least one occasion within the study window, ie, before December 31, 2001 . Most of the analyses reported in this publication were conducted on these successfully followed subjects. Plot of survival distribution functions for the NCI and SCI baseline groups. The y-axis is the probability of not declining to MCI or dementia. The x-axis is the time (in years) to decline. This survival curve plot extends until observation year 14. There were no SCI subject observations beyond year 14. One NCI subject was followed up beyond year 14. This subject was observed to decline at year 16. There was a significant difference between the NCI and the SCI baseline groups in the survivor function of absence of decline to MCI or dementia in favor of the NCI baseline group (P < .0001, Wilcoxon test and Log-Rank test). Table 1 The study population: subjects entered, followed, and lost to follow-up* Total entered (n = 260) Followed (n = 213) Not followed (n = 47) † P value (followed vs not followed) Abbreviations: NCI, no cognitive impairment; SCI, subjective cognitive impairment; SD, standard deviation; y, years.
* Values are expressed as means and SDs or as numbers (percentages). † The 47 subjects seen at baseline but lost to follow-up consisted of subjects who (1) refused further participation (n = 19); (2) moved from the area (n = 1); (3) could not be located (n = 10); (4) were dropped for other reasons (n = 8) (eg, uncooperative or noncomplaint with the research procedures [n = 6], inability to be properly evaluated because of loss of vision [n = 1]); or died (n = 9). ‡ Value for proportion of NCI versus SCI subjects followed in comparison with those not followed. § Value for proportion of females versus males in subjects followed in comparison with those not followed. ¶ P < .05.
** In thousands of U.S. dollars at the time of the evaluation. Income was defined as the subject's total combined family income (including wages, retirement income, and interest income) in the prior 12-month period. The number of subjects is somewhat lower than for other characteristics because many subjects preferred not to disclose this information. * Values are expressed as mean (standard deviation) unless otherwise indicated. For the HAM-D Scale and for the BEHAVE-AD, only the subscale items for which significant between-group differences were found at baseline, or in the case of HAM-D items 8 and 11 in contributing to the odds of subsequent decline (Table 4) , are shown in the table. These subscale items assess the following mood and behavior-related variables: HAM-D item 5, disturbed sleep during the night; HAM-D item 7, thoughts and feelings of incapacity, fatigue or weakness relating to activities, or loss of interest in or less time spent in activities; HAM-D item 8, slowness of thought and speech, and/or impaired ability to concentrate, and/or decreased motor activity; HAM-D item 11, physiologic concomitants of anxiety such as gastrointestinal symptoms, dry mouth, cardiac palpitations, sweating, and others; and BEHAVE-AD item 23, miscellaneous anxieties, such as regarding money, the future, health, and memory. † P < .05 ‡ P < .001
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Table 3
Follow-up characteristics of subjects * .72, .03 ¶** Abbreviations: NCI, no cognitive impairment; SCI, subjective cognitive impairment; y, years; NA, not applicable.
*
Values are means ± standard deviations. † P values for the differences between NCI and SCI groups. ‡ Savage two-sample test for event time. § P < .001. ¶ P values for the differences between NCI and SCI groups in total time of follow-up for stable subjects and decliners, respectively. ** P < .05.
Table 4
Variables contributing to the hazard ratio and time to decline after controlling for baseline group membership (NCI vs SCI), demographic variables,* and follow-up time Table 2 for variable mean scores and standard deviations.
Abbreviations: NCI, no cognitive impairment; SCI, subjective cognitive impairment; MMSE, Mini-Mental State Examination; BRCS; Brief Cognitive Rating Scale; HAM-D, Hamilton Depression Scale; BEHAVE-AD, Behavioral Pathology in Alzheimer's Disease rating scale; PDS, Psychometric Deterioration Score; WAIS, Wechsler Adult Intelligence Scale.
* Age, gender, and educational level. † Estimated hazard ratios for decline and the corresponding 95% confidence intervals and P values for each variable are obtained through survival analyses controlling for baseline group, demographic variables, and follow-up time. ‡ Percent change in and the corresponding 95% confidence interval for the expected survival time for each unit increase in the variable. Thus for the MMSE (marginally significant), each additional point is associated with a 5.1% increase in expected time to decline. For BCRS total scores, for example, each additional point is associated with a 5.8% decrease in expected time to decline. § P < .05. ¶ P < .01.
** Two constituent HAM-D item scores are significant, items 8 and 11. For definitions of these items, see the footnote in Table 2 . Other constituent HAM-D items are not shown. † † One individual item score on behavioral pathology in BEHAVE-AD is significant, item 23 (see Table 2 footnote for definition). Other constituent BEHAVE-AD items are not shown. ‡ ‡ Individual tests from the PDS that are not shown (paragraphs initial recall and digit span forward) are not found to be significant. Note that the PDS and its individual tests are of the opposite signs, and thus their contributions to the percent change in decline time are in the opposite directions as well. § § P < .001.
Table 5
Baseline characteristics of stable versus decline outcome groups within the NCI and SCI baseline categories . 
*
For the NCI baseline group, P values for the outcome group differences were obtained with the Wilcoxon Rank Sum Test. † For the SCI baseline group, P values for the outcome group differences were obtained from independent samples t tests. ‡ P < .01. § For the BCRS, HAM-D, the BEHAVE-AD scale, and the individual constituent tests of the PDS, only individual items or tests that are found to be significant in either the NCI or the SCI subject groups are shown. HAM-D item 10 assesses psychic anxiety including subjective tension and irritability and worrying about minor matters. HAM-D item 12 assesses loss of appetite. ¶ P < .05.
